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870 Endangered Pacific Salmonids

Table 1. Relative importance of factors contributing to the decline of anadromous fishes in California. Subjective scores for each species

range from 1 (major cause of decline) to 5 (not a cause).

Water Ocean

Species Degradation Diversions  Pollution Overfishing  Hatcheries Conditions  Precipitation  Predation Other
River

lamprey 1 3 3 4 4 3 2 2 3
Pacific

lamprey 1 2 3 4 4 3 2 2 2
White

sturgeon 3 2 3 2 4 4 2 4 4
Green

sturgeon 2 2 3 1 4 3 2 4 3
Delta

smelt 3 1 3 4 4 4 2 3 2
Longfin

smelt 2 1 3 4 4 3 2 2 2
Eulachon 2 2 4 3 4 2 3 2 4
Chinook 1 1 3 2 2 3 2 2 3
Coho 1 1 3 2 1 2 2 3 3
Pink 2 3 4 4 4 2 2 2 2
Chum 1 3 4 4 4 2 2 2 2
Steelhead 1 1 2 2 2 3 2 2 3
Cutthroat

trout 1 4 3 3 2 2 3 3
Total

points 21 25 42 44 45 43 27 33 34
Rank 1 2 6 8 9 7 3 4 5

For each species each factor was rated on a subjective
1—4 scale, where 1 indicates the factor was probably a
major cause in the decline of the species; 2 a moderate
contributing factor to the decline; 3 a minor cause; or 4
had no effect on the species. The scores for each factor
were added and ranked from lowest to highest, with the
lowest scores indicating the factors with the highest
overall impact on anadromous fish populations. Water-
shed degradation, diversions, and variation in precipita-
tion were ranked 1, 2, and 3, respectively (Table 1).

Decisions being made now will determine which spe-
cies and stocks will become extinct in California in the
near future and what segments of the original gene
pools will be in existence for future use and evolution.
It is possible that California stocks may be especially
vulnerable if warming trends push oceanic and stream
conditions to which salmonids are adapted further
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north. Conservation of California’s anadromous fishes
requires a systematic program of ecosystem protection
(Moyle & Williams 1990; Moyle & Yoshiyama, 1994).
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Central Valley Chinook Salmon

California’s Central Valley chinook salmon populations
are a fragment of their former abundance. Water devel-
opment for hydroelectric production, irrigation, domes-
tic water supplies, and flood control has restricted or
eliminated much of the natural habitat formerly occu-
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pied by Central Valley salmon. Much of the species his-
torical habitat has been replaced by hatcheries. Where
certain runs are difficult to domesticate for hatchery
culture, only isolated population remnants remain.
Adult chinook salmon in the ocean and juveniles in



freshwater are very similar anatomically and morpho-
logically. Only adult salmon, returning to spawn and
completing their life cycle, exhibit radical differences
among individuals. Therefore, Central Valley salmon
runs have been vaguely defined based upon migration
timing and inconsistent reports of spawning times.
Stone (1874 ) described three runs of salmon in the Sac-
ramento River: spring, summer (fall), and winter runs
based upon their appearance in tide-water. A fourth run,
late-fall, was described by Fry (1961) after large num-
bers of mid-winter spawning chinook salmon were
trapped during Keswick operations of Coleman National
Fish Hatchery. In 1967, with completion of the Red Bluff
Diversion Dam and the associated fish trap, salmon mi-
gration and spawning timing at Red Bluff was deter-
mined from aerial and spawning ground surveys. Al-
though there is considerable overlap within migration
times between each run, spawning occurs at distinctly
different times. Therefore each run is temporally iso-
lated from each other, with the exceptions of overlap
between fall and spring runs. Formerly fall and spring
runs were spatially isolated from each other with spring
run occupying the headwaters and fall run occupying
the lower portions of streams near the valley floor. Cope
and Slater (1957) questioned the genetic integrity of
spring and fall runs after forced coexistence in the Sac-
ramento River below Shasta Dam indicated hybridiza-
tion had occurred. They concluded, from marking ex-
periments, that each run tended to return at their
appropriate time but some mixing had occurred. Slater
(1963) later concluded that serious hybridization was
taking place between the fall and spring runs, with fall

Table 1. Descriptive characteristics of Central Valley salmon runs.
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run out-competing spring run for available spawning
habitat in the Sacramento River. Other evidence based
upon recent coded-wire tag returns from Feather River
Hatchery indicate that current hatchery practices, using
arbitrary spawning dates, leads to a significant amount of
mixing between these runs.

Other unique biological characteristics further de-
fine Central Valley Chinook salmon runs (Table 1). Win-
ter and spring runs are particularly vulnerable to cata-
strophic events because of the nearly singular age
at maturity and because there is little contribution
by older-year classes. The dominance of three-year-
old females results in reduced population fecundity
and places these runs at risk if changes in egg or juve-
nile mortality increase or excessive exploitation takes
place.

All of the Central Valley salmon runs have incurred
permanent habitat losses of varying amounts. In 1872
Stone (1874) observed that the absence of salmon in
the American, Feather, and Yuba Rivers was due to poor
water quality from intense mining activity. Although hy-
draulic mining was abolished in 1884, these rivers were
later recolonized by salmon for only a short time before
water development activities permanently cut off access
to the spawning grounds. From 1900 to 1930 hydro-
electric development and irrigation projects truncated
large portions of the headwaters of most Central Valley
rivers by dam construction. By 1928 Clark (1929) esti-
mated 510 lineal miles remained of the original 6000
miles, an 80% reduction of principally spring-run
spawning area. With completion of the Friant Dam in
1942, spring-run salmon were eliminated from the San

Characteristic Late Fall Run Winter Run Spring Run Fall Run
Migration period October—April December—July March—July June-December
Peak migration December March May—June September—
October
Spawning period early January— late April— late August— late September—
early April early August early October December
Peak spawning early February early June mid-September late October
Average percent 11% 22% 24% 20%
grilse
Percent female at:
Age 2 2% 1% 2% 3%
Age 3 57% 91% 87% 77%
Age 4+ 41% 8% 11% 20%
Average population 5806 eggs 3743 eggs 4895 eggs 5498 eggs
fecundity
Juvenile April-June July—October November—March December—
emergence period March
Juvenile residency 7—-13 months 5—10 months 3—15 months 4-7 months
Ocean entry October—May November—May March—June & March—July
November—March
Juvenile size at 160 mm (F.L.) 120 mm (F.L.) 80 mm (F.L.) 80 mm (F.L.)
ocean entry
Former spawning Upper mainstem spring—fed headwaters lower rivers
habitat rivers streams and tributaries
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Joaquin drainage. Simultaneously, the Shasta Dam on the
Sacramento River eliminated an estimated 200 miles of
spring-run habitat and nearly all winter-run spawning
grounds. Only Mill, Deer, and Butte Creeks remain to
support remnant populations of spring run and none of
the original spring-fed habitat is useable or available to
winter run. Winter-run salmon were displaced into the
Sacramento River downstream of the Shasta Dam where
water temperatures were initially suitable for successful
reproduction. However, Moffett (1949) forewarned of
changes in water temperatures after the Central Valley
Project became fully operational and during drought
periods. Water temperatures became unfavorable for
successful spawning during 1976-1977 and recent
droughts.

Late-fall salmon were formerly present in the San
Joaquin River (Hatton and Clark 1942) and the Sacra-
mento River system (Hanson et al. 1940). The original
late fall-run spawning grounds were apparently located
at the northern and southern extremes of the valley
floor where summertime water temperatures afforded
suitable juvenile rearing conditions. The Friant Dam
eliminated the San Joaquin habitat for late fall-run
salmon and the Shasta Dam altered the Sacramento
River. Of the four salmon runs, the fall run has been least
affected by dam construction. The fall run is the most
cosmopolitan run in the Central Valley, occupying the
lower reaches of most tributary streams and valley floor
rivers where suitable spawning gravel is present. Over-
all, most of the historical range for fall run remains ex-
cept for the San Joaquin River and a portion of the Sac-
ramento upstream of the Shasta Dam. However,
conditions throughout the San Joaquin drainage have
been severely altered by water projects, and salmon
production is strongly related to spring flow conditions
(Kjelson & Brandes 1989). Kielson and Brandes (1989)
also found that habitat changes due to water develop-
ment in the Sacramento—San Joaquin Delta significantly
affected Sacramento River stock, with fall-run smolt sur-
vival being highly correlated to river flow, temperature,
and percent of inflow diverted.

Annual landings from the Sacramento—San Joaquin
gill-net fishery may provide an insight into the history of
Central Valley salmon runs (Clark 1929; Clark 1940;
Skinner 1962). By 1870 a gill-net fishery was already
well established with markets developed for fresh
salmon and an expanding canning industry. Salmon fish-
ing initially was concentrated primarily on winter and
spring runs because of their fresh appearance and ex-
cellent condition with fall run of limited value because
of their advanced spawning condition (Stone 1874).

A run index, based upon limited monthly landing
records and known migration characteristics for each
run, was developed that indicates the relative catches
for each run by decade (California Fish Commission
1882, 1900; Clark 1940). Up until 1900 spring run dom-
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inated the catches with fall run being of secondary im-
portance. This decline in spring run closely parallels the
reduction of habitat at the turn of the century and in-
creased emphasis on fall run hatchery production
(Shebley 1922). Applying the developed run index to
annual landings and assuming that one half of the winter
and spring runs were harvested each year provides an
estimate of run size (Fulton 1968). I used a harvest rate
of one third for late fall and fall runs because of their
inferior quality and limited harvest by the early fishery.
Using this approach, although circumspect, provides an
abundance index for each of the four Central Valley runs
before the twentieth century. It is possible that maxi-
mum spawning runs, including harvest, may have ap-
proached 2,000,000 fish, comprising 100,000 late fall—,
200,000 winter-, 700,000 spring-, and 900,000 fall-run
salmon.

Recent population estimates for the Central Valley
indicate a substantial reduction in spawning salmon tak-
ing place within the past two decades, mainly on late-
fall and winter runs (Table 2). Wild spring run popula-
tions in Mill and Deer Creeks show a continuing decline
with fluctuating populations present in Butte Creek. A
possible listing of spring-run salmon under the Federal
Endangered Species Act is imminent. Only fall-run
salmon continue to maintain reasonable, although low,
spawning runs that are heavily supported by hatchery
production.

Table 2. Total Central Valley chinook salmon spawning stock
estimates, including hatchery returns, 1967-1992.

Late-fall  Winter  Spring Fall

Year Run Run Run Run Total

1967 37,208 57,306 23,840 182,828 301,182
1968 34,733 84,414 15360 211,371 345,878
1969 38,752 117,808 27,447 322,475 506,482
1970 25,310 40,409 7672 244,145 317,536
1971 16,741 63,089 9274 241958 331,062
1972 32,651 37,133 8652 154,665 233,101
1973 23,010 24079 11,967 273880 332936
1974 7855 21,897 8281 236,228 274,261
1975 19,659 23,430 24,044 197,789 264,922
1976 16,198 35,096 26,786 196,189 274,269
1977 10,602 17,214 13951 185,390 227,157
1978 12,586 24,862 8358 158,198 204,004
1979 10,398 2364 2960 229,143 244,865
1980 9481 1156 11,937 175,370 197,944
1981 6807 20,041 21,784 265,752 314,384
1982 4913 1242 28,082 240,108 274,345
1983 15,190 1831 6193 220,651 243,865
1984 7163 2663 9923 264,488 284,237
1985 8436 3962 13,055 368,942 394,395
1986 8286 2464 20,329 293399 324,478
1987 16,049 1997 12,720 276,636 307,402
1988 11,597 2094 18,486 275,576 307,753
1989 11,639 533 12,266 172,778 197,216
1990 7305 441 6630 119,832 134,208
1991 7089 191 5944 127,119 140,343
1992 10,370 1180 2997 113,948 128,495
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Extinction Probabilities
and Delisting Criteria
for Pacific Salmonids

As the number of Pacific salmon runs being considered
for listing under federal and state endangered species
laws increases (Nehlsen et al. 1991), there will be an
increasing need for effective means of estimating prob-
abilities of their extinction. Probabilities of extinction
under various conditions can be used to: (1) assess the
current status of runs, (2) plan strategies for population
recovery, and (3) specify criteria for complete recovery
and consequent delisting.
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The models used for these calculations should be
based on life history data (age-specific survivals and fe-
cundities) and information on their density dependence
as well as environmental dependence. For most species,
some life history data are available, and for a few there
are even time series or other information from which
dependence on environment and density can be deter-
mined. In general, density dependence will be impor-
tant if the population has been reduced to a low level by

Conservation Biology
Volume 8, No. 3, September 1994



	Article Contents
	p. 870
	p. 871
	p. 872
	p. 873

	Issue Table of Contents
	Conservation Biology, Vol. 8, No. 3 (Sep., 1994), pp. 613-918
	Front Matter
	Editorial: Cows and Conservation Biology [pp.  613 - 616]
	Letters [pp.  617 - 621]
	Conservation Education
	The Effective Shape of Our Future [pp.  622 - 624]

	International Conservation News
	Announcements [pp.  625 - 628]

	Ecological Costs of Livestock Grazing in Western North America [pp.  629 - 644]
	On the Origin of Brucellosis in Bison of Yellowstone National Park: A Review [pp.  645 - 653]
	Wildlife Disease in U.S. National Parks: Historical and Coevolutionary Perspectives [pp.  654 - 661]
	Ad Hoc Reservations: Forward or Backward Steps in Developing Representative Reserve Systems? [pp.  662 - 668]
	Scale Perspectives on Avian Diversity in Western Riparian Ecosystems [pp.  669 - 676]
	The Prairie Dog and Biotic Diversity [pp.  677 - 681]
	Wildlife Association with Human-Altered Water Sources in Semiarid Vegetation Communities [pp.  682 - 690]
	Managing Species Diversity in Tallgrass Prairie: Assumptions and Implications [pp.  691 - 704]
	A Study of Plant Species Extinction in Singapore: Lessons for the Conservation of Tropical Biodiversity [pp.  705 - 712]
	Long-Term Population Development of a Reintroduced Beaver (Castor fiber) Population in Sweden [pp.  713 - 717]
	Threatened Plant, Animal, and Fungus Species in Swedish Forests: Distribution and Habitat Associations [pp.  718 - 731]
	Allometric Scaling of Minimal Mammal Densities [pp.  732 - 743]
	Genetic Analyses Through DNA Fingerprinting of Captive Populations of Hawaiian Geese [pp.  744 - 751]
	Applying Principles of Landscape Design and Management to Integrate Old- Growth Forest Enhancement and Commodity Use [pp.  752 - 762]
	Restoration of Landscape Structure Altered by Fire Suppression [pp.  763 - 769]
	Postfledging Dispersal of White-Crowned Pigeons: Implications for Conservation of Deciduous Seasonal Forests in the Florida Keys [pp.  770 - 779]
	Mammal Diversity and Conservation in the Selva Lacandona, Chiapas, Mexico [pp.  780 - 799]
	Techniques and Guidelines for Monitoring Neotropical Butterflies [pp.  800 - 809]
	An Age-Structured Demographic Model for the Endangered Stephens' Kangaroo Rat [pp.  810 - 821]
	Vegetation Responses along Edge-to-Interior Gradients in the Mixed Hardwood Forests of the Roanoke River Basin, North Carolina [pp.  822 - 832]
	Phenotypic Alterations, Evolutionarily Significant Structures, and Rhino Conservation [pp.  833 - 840]
	Notes
	Does the Presence of Fish Affect the Distribution of Tree Frogs (Hyla arborea)? [pp.  841 - 845]
	Effects of Conservation Biology Education on Attitudes Toward Nature [pp.  846 - 852]
	Where Are They Now? The Kemp's Ridley Headstart Project [pp.  853 - 856]
	The Effects of Blood Sampling on the Behavior and Survival of the Endangered Chatham Island Black Robin (Petroica traversi) [pp.  857 - 862]

	Special Section: Endangered Pacific Salmonids
	Conservation Biology of Endangered Pacific Salmonids: Introductory Remarks [pp.  863 - 864]
	Phylogenetic Relationships Among Species of Oncorhynchus: A Consensus View [pp.  864 - 867]
	Salmon Stocks at Risk: Beyond 214 [pp.  867 - 869]
	The Decline of Anadromous Fishes in California [pp.  869 - 870]
	Past and Present Status of Central Valley Chinook Salmon [pp.  870 - 873]
	Extinction Probabilities and Delisting Criteria for Pacific Salmonids [pp.  873 - 875]
	Variation in the Life History Characteristics of Chinook Salmon and Its Relevance to Conservation of the Sacramento Winter Run of Chinook Salmon [pp.  876 - 877]
	Performance Thresholds and Life-History Flexibility in Salmonids [pp.  877 - 879]
	Life History Variation and Salmonid Conservation [pp.  879 - 880]
	Salmonid Culture and Interspecific Hybridization [pp.  881 - 882]
	Mitochondrial DNA Polymorphism in Unique Runs of Chinook Salmon (Oncorhynchus tshawytscha) from the Sacramento-San Joaquin River Basin [pp.  882 - 884]
	Genetic Considerations in Recovery Efforts for Pacific Salmon [pp.  884 - 886]
	Captive Breeding and the Conservation of Wild Salmon Populations [pp.  886 - 888]
	Supportive Breeding and Effective Population Size: Differences Between Inbreeding and Variance Effective Numbers [pp.  888 - 890]
	Effective Population Size in Winter-Run Chinook Salmon [pp.  890 - 892]
	Recounting a Century of Failed Fishery Policy Toward California's Sacramento River Salmon and Steelhead [pp.  892 - 894]

	Comments
	Allopolyploid Species and the U.S. Endangered Species Act [pp.  895 - 897]
	The Olympic Mountain Goat Controversy: A Different Perspective [pp.  898 - 901]
	The Problem of Teaching Conservation Problem Solving [pp.  902 - 904]

	Diversity
	Subdivisions versus Agriculture [pp.  905 - 908]
	Biological Diversity-Science and Action [pp.  909 - 911]

	Book Reviews
	Important New Flora [pp.  912 - 913]
	A Personal Journey into the Amazon [p.  913]
	Addressing the Chiropteran Crisis [p.  914]
	Evaluating the U.S. Endangered Species Act [pp.  914 - 916]
	A Genetic Need to Love Nature? [pp.  916 - 917]
	Readings in Environmental Ethics [pp.  917 - 918]

	Erratum: Greenway Ecology, The Prolegomenon [p.  918]
	Back Matter



